US009175074B2

a2 United States Patent 10) Patent No.: US 9,175,074 B2
Okano et al. 45) Date of Patent: Nov. 3, 2015
(54) PHARMACEUTICAL COMPOSITION FOR 7485302 B2 2/2009 Adams et al.
TREATMENT AND/OR PROPHYLAXIS OF 7,745,391 B2 6/2010 Mintz et al.
CANCER 8,211,634 B2 7/2012 Depinho et al.
8,709,418 B2 4/2014 Okano et al.
. . 8,828,398 B2 9/2014 Kobayashi et al.
(75) Inventors: Fumiyeshi Okano, Kamakura (IP); 8,911,740 B2  12/2014 Saito et al.
Shinichi Kobayashi, Kamakura (IP); 2002/0006404 Al 1/2002 Hanna et al.
Yoshitaka Minamida, Kamakura (JP); 2003/0118599 Al 6/2003 Algate et al.
f Qal 2003/0190640 Al  10/2003 Faris et al.
Takanori Saito, Kamakura (JP) 2004/0029114 Al 2/2004 Mack et al.
. 2004/0236091 Al 112004 Chicz et al.
(73)  Assignee: TORAY INDUSTRIES, INC., Tokyo 2004/0258678 Al 12/2004 Bodary et al.
IP) 2005/0003390 Al 1/2005 Axenovich et al.
2005/0032113 Al 2/2005 Tanaka et al.
(*) Notice: Subject to any disclaimer, the term of this %882; 83‘1“9“2‘ ég ﬁ} 11; %882 éldoi(f ettali
: : arke ¢t al.
patent is extended or adjusted under 35 2006/0069054 Al 3/2006 Houghton ct al.
U.S.C. 154(b) by O days. 2006/0275305 Al 12/2006 Bryant
2007/0048301 Al 3/2007 Bodary-Winter et al.
(21) Appl. No.: 14/236,859 2007/0154931 Al 7/2007 Radich et al.
2007/0264253 Al 112007 Liuet al.
(22) PCT Filed: Aug. 3, 2012 2008/0075722 Al 3/2008 DePinho et al.
i 2008/0107668 Al 5/2008 Philip et al.
(86) PCT No.: PCT/IP2012/069853 2010/0068724 Al 3/2010 Fung et al.
(Continued)
§371 (D),
(2); (4) Date:  Feb. 3,2014 FOREIGN PATENT DOCUMENTS
(87) PCT Pub. No.: W02013/018891 CN 1705676 A 12/2005
CN 101120252 A 2/2008
PCT Pub. Date: Feb. 7, 2013 .
(Continued)
(65) Prior Publication Data OTHER PUBLICATIONS
US 2014/0154261 Al Jun. 5, 2014 . . Lo
Bodey et al., “MAGE-1, a Cancer/Testis-Antigen, Expression in
(30) Foreign Application Priority Data Childhood Astrocytomas as an Indicator of Tumor Progression,” in
vivo (2002) vol. 16, pp. 583-588.
Aug. 4,2011  (IP) cccveivieiecrccceen 2011-171377 (Continued)
51) Int.CL
D 61'107K 16/30 (2006.01) Primary Examiner — Sheela ] Huff
CO7K 16/18 (200601) Assistant Examiner — Jessica H Roark
A61K 39/395 (2006.01) (74) Attorney, Agent, or Firm — Birch, Stewart, Kolasch &
AGIK 45/06 (2006.01) Birch, LLP
CO7K 16/28 (2006.01)
A6IK 39/00 (2006.01) &7 ABSTRACT
(52) US.CL An object of the present invention is to prepare an antibody
CPC ........... CO7K 16/18 (2013.01); A61K 39/39558 that targets CAPRIN-1 specifically expressed on the surface
(2013.01); A61K 45/06 (2013.01); CO7K 16/28 of cancer cells and is superior in antitumor activity to con-
(2013.01); CO7K 16/30 (2013.01); 461K ventional antibodies and to provide use of the antibody as a
2039/505 (2013.01); CO7K 2317/24 (2013.01); therapeutic and/or preventive agent for cancer. The present
CO7K 2317/732 (2013.01) invention provides use of an antibody targeting an identified
(58) Field of Classification Search cancer antigenic protein specifically expressed on the surface
CPC ........... CO07K 16/30; CO7K 16/3015-16/3069; of cancer cells as a therapeutic and/or preventive agent for
CO7K 16/461-16/467; A61K 39/395; A61K cancer, specifically, a pharmaceutical composition for treat-
39/39558 ment and/or prevention of cancer, comprising as an active
See application file for complete search history. ingredient an antibody or a fragment thereof which has
immunological reactivity with a CAPRIN-1 protein, the anti-
(56) References Cited body or the fragment thereof comprising a heavy chain vari-
able region comprising amino acid sequences represented by
U.S. PATENT DOCUMENTS SEQ ID NOs: 5, 6, and 7 and a light chain variable region
5698396 A 12/1997 Pfreundschuh comprising amino acid sequences represented by SEQ ID
6335170 Bl 1/2002 Ortoft NOs: 9, 10, and 11.
6,444,425 Bl 9/2002 Reed et al.
7,449,184 B2  11/2008 Allison et al. 15 Claims, No Drawings



US 9,175,074 B2
Page 2

(56) References Cited
U.S. PATENT DOCUMENTS

2011/0123492 Al
2011/0136121 Al
2011/0189700 Al
2011/0256144 Al
2012/0171699 Al
2012/0214975 Al
2012/0294860 Al
2012/0301471 Al
2012/0301476 Al
2012/0321641 Al
2013/0045210 Al
2013/0071398 Al

5/2011 Okano et al.
6/2011 Okano et al.
8/2011 Moses et al.
10/2011 Okano et al.
7/2012 Goodman et al.
8/2012 Sandig et al.
11/2012 Ido etal.
11/2012 Kobayashi et al.
11/2012 Okano et al.
12/2012 Okano et al.
2/2013 Kobayashi et al.
3/2013 Saito et al.

FOREIGN PATENT DOCUMENTS

CN 101189516 A 5/2008
CN 102170907 A 8/2011
EP 2325648 Al 5/2011
EP 2322221 Al 5/2011
EP 2532367 A1 12/2012
EP 2532743 A1 12/2012
EP 2832365 Al 2/2015
EP 2832366 Al 2/2015
JP 2002-540790 A 12/2002
JP 2003-528587 A 9/2003
JP 2006-316040 A 11/2006
JP 2013-502205 A 1/2013
JP 2013-505028 A 2/2013
RU 2234942 C2 2/2003
RU 2306952 C2 9/2007
RU 2006137060 A 4/2008
WO WO 00/04149 A2 1/2000
WO WO 00/60077 A2 10/2000
WO WO 01/32910 A2 5/2001
WO WO 01/72295 A2 10/2001
WO WO 02/078524 A2 10/2002
WO WO 02/083070 A2 10/2002
WO WO 02/092001 A2 11/2002
WO WO 2004/076682 A2 9/2004
WO WO 2004/097051 A2 11/2004
WO WO 2005/007830 A2 1/2005
WO WO 2005/100998 A2 10/2005
WO WO 2005/116076 A2 12/2005
WO WO 2006/002378 A2 1/2006
WO WO 2007/150077 A2 12/2007
WO WO 2008/031041 A2 3/2008
WO WO 2008/059252 A2 5/2008
WO WO 2008/073162 A2 6/2008
WO WO 2008/088583 A2 7/2008
WO WO 2009/113742 Al 9/2009
WO WO 2010/016525 Al 2/2010
WO WO 2010/016526 Al 2/2010
WO WO 2010/016527 Al 2/2010
WO WO 2011/096517 Al 8/2011
WO WO 2011/096528 Al 8/2011
WO WO 2011/096533 Al 8/2011
WO WO 2011/096534 Al 8/2011
WO WO 2011/096535 Al 8/2011
WO WO 2013/018885 Al 2/2013
WO WO 2013/018886 Al 2/2013
WO WO 2013/018894 Al 2/2013
WO WO 2013/147169 Al  10/2013
WO WO 2013/147176 A1 10/2013
OTHER PUBLICATIONS

Comtesse et al., “Probing the human natural autoantibody repertoire
using an immunoscreening approach,” Clin. Exp. Immunol. (2000),
vol. 121, pp. 430-436.

International Search Report issued Nov. 18, 2014, in PCT Interna-
tional Application No. PCT/JP2014/071094.

Jager et al., “Identification of a Tissue-specific Putative Transcription
Factor in Breast Tissue by Serological Screening of a Breast Cancer
Library,” Cancer Research (Mar. 1, 2001), vol. 61, pp. 2055-2061.

Jungbluth et al., “Immunohistochemical Analysis of NY-ESO-1
Antigen Expression in Normal and Malignant Human Tissues,” Int. J.
Cancer (2001), vol. 92, pp. 856-860.

Kohler et al., “Tumor antigen analysis in neuroblastoma by serologi-
cal interrogation of bioinformatic data,” Cancer Science (Nov. 2010),
vol. 101, No. 11, pp. 2316-2324.

Nakamura et al. “Gene Expression Profile of Metastatic Human
Pancratic Cancer Cells Depends on the Organ Microenvironment,”
Cancer Research (Jan. 1, 2007), vol. 67, No. 1, pp. 139-148.
Non-Final Office Action issued Nov. 6, 2014, in U.S. Appl. No.
13/576,950.

Pegram et al., “Rational Combinations of Trastuzumab with Chemo-
therapeutic Drugs Used in the Treatment of Breast Cancer,” Journal
of the National Cancer Institute (May 19, 2004), vol. 96, No. 10, pp.
739-749.

Punt et al., “Edrecolomab alone or in combination with fluorouracil
and folinic acid in the adjuvant treatment of stage III colon cancer: a
randomised study,” Lancet (Aug. 31, 2002), vol. 360, No. 9334, pp.
671-677.

Buchsbaum et al., “Treatment of Pancreatic Cancer Xenografts with
Erbitux (IMC-C225) Anti-EGFR Antibody, Gemcitabine, and Radia-
tion,” Int. J. Radiation Oncology Biol. Phys. (2002), vol. 54, No. 4,
pp. 1180-1193.

Chames et al., “Therapeutic Antibodies for the Treatment of Pancre-
atic Cancer,” The Scientific World Journal (Jan. 1, 2010), vol. 10, pp.
1107-1120.

Eccleston et al., “Pancreatic Tumor Marker Anti-Mucin Antibody
CAM 17.1 Reacts with a Sialyl Blood Group Antigen, Probably I,
Which is Expressed throughout the Human Gastrointestinal Tract,”
Digestion (1998), vol. 59, pp. 665-670.

Esteva et al., “Chemotheraphy of Metastatic Breast Cancer: What to
Expect in 2001 and Beyond,” The Oncologist (2001), vol. 6, pp.
133-146.

Extended European Search Report issued Feb. 2, 2015, in European
Patent Application No. 12819473.5.

Extended Furopean Search Report issued Jan. 29, 2015, in European
Patent Application No. 12819899.1.

Houghton, P. J. and J. A. Houghton, “Evaluation of Single-Agent
Therapy in Human Colorectal Tumour Xenografts,” Br. J. Cancer
(1978), vol. 37, pp. 833-840.

GenBank Accession No. AAU93399, Sep. 22, 2005.

GenBank Accession No. BAF96513, Jan. 5, 2008.

GenBank Accession No. NM__001031365, Sep. 25, 2007.
GenBank Accession No. NM__ 001076062, Feb. 9, 2008.

GenBank Accession No. NM__ 001111289, Feb. 11, 2008.
GenBank Accession No. NM__ 001111290, Feb. 11, 2008.
GenBank Accession No. NM__ 001111291, Feb. 10, 2008.
GenBank Accession No. NM__ 001111292, Feb. 11, 2008.
GenBank Accession No. NM__ 016739, Feb. 10, 2008.

GenBank Accession No. NM__05898, Feb. 11, 2008.

GenBank Accession No. NM__ 203364, Feb. 10, 2008.

GenBank Accession No. Q14444, Jun. 10, 2008.

GenBank Accession No. Q1LZB6, Jun. 10, 2008.

GenBank Accession No. XM__853016, Aug. 30, 2005.

Patent Examination Report No. 1 issued Oct. 14, 2014, in Australian
Patent Application No. 2009278387

Akiyoshi, “Cancer Vaccine Therapy Using Peptides Derived from
Tumor-Rejection Antigens,” Jpn J Cancer Chemother., vol. 24, No. 5,
Mar. 1997, pp. 511-519, with English Abstract (p. 519).

Balmana et al., “BRCA in breast cancer: ESMO Clinical Recommen-
dations,” Annals of Oncology, vol. 20, Supplemental 4, 2009, pp.
iv19-iv20.

Bodey et al., “Failure of Cancer Vaccines: The Significant Limita-
tions of this Approach to Immunotherapy,” Anticancer Research, vol.
20, 2000, pp. 2665-2676.

Brand et al., “Prospect for Anti-HER2 Receptor Therapy in Breast
Cancer,” Anticancer Research, vol. 26, 2006, pp. 463-470.

Brass et al., “Translation initiation factor elF-4gamma is encoded by
an amplified gene and induces an immune response in squamous cell
lung carcinoma,” Human Molecular Genetics, vol. 6, No. 1, 1997, pp.
33-39.



US 9,175,074 B2
Page 3

(56) References Cited
OTHER PUBLICATIONS

Chamberlain et al., “Innovations and strategies for the development
of anticancer vaccines,” Expert Opinion on Pharmacotherapy, vol. 1,
No. 4, 2000, pp. 603-614.

Ellis, et al., “Identification and Characterization of a Novel Protein
(p137) Which Transcytoses Bidirectionally in Caco-2 Cells”, The
Journal of Biological Chemistry, Sep. 1, 1995, vol. 270, No. 35, pp.
20717-20723.

European Search Report, dated Aug. 13, 2013, for European Appli-
cation No. 11739882.6.

European Search Report, dated Aug. 26, 2011, for European Appli-
cation No. No. 09805010.7.

European Search Report, dated Jan. 30, 2013, for European Appli-
cation 09805009.9.

European Search Report, dated Nov. 6, 2013, for European Applica-
tion No. 11739876.8.

Evans et al., “Vaccine therapy for cancer—fact or fiction?”, Q J Med,
vol. 92, 1999, pp. 299-307.

GeneCards, “Cell Cycle Associated Protein 1—Biological research
products for CAPRIN 1,” updated Mar. 19, 2013, 10 pages.

Grill et al.,, “Activation/Division of Lymphocytes Results in
Increased Levels of Cytoplasmic Activation/Proliferation-Associ-
ated Protein-1: Prototype of a New Family of Proteins,” The Journal
of Immunology, vol. 172, 2004, pp. 2389-2400.

Giire et al., “Human Lung Cancer Antigens Recognized by
Autologous Antibodies: Definition of a Novel cDNA Derived from
the Tumor Suppressor Gene Locus on Chromosome 3p21.3,” Cancer
Research, vol. 58, Mar. 1, 1998, pp. 1034-1041.

Gure et al., “SSX: A Multigene Family with Several Members Tran-
scribed in Normal Testis and Human Cancer,” Int. J. Cancer, vol. 72,
1997, pp. 965-971.

Harlow et al., “Antibodies a Laboratory Manual”, Cold Spring Har-
bor Laboratory, Chapter 3, 1988, pp. 23-34.

Hugo Gene Nomenclature Committee, Gene Symbol Report,
CAPRIN1, Approved Name: Cell Cycle Associated Protein 1, HGNC
ID: HGNC:6743, Nov. 3, 2012, 2 pages.

International Search Report and Written Opinion of the International
Searching Authority, dated Mar. 1, 2011, for International Applica-
tion No. PCT/JP2011/052413.

International Search Report, dated Mar. 15, 2011, for International
Application No. PCT/JP2011/052384.

International Search Report, dated Mar. 8, 2011, for International
Application No. PCT/JP2011/052403.

International Search Report, dated Mar. 8, 2011, for International
Application No. PCT/JP2011/052414.

International Search Report, dated Oct. 6, 2009, for International
Application No. PCT/JP2009/063882.

International Search Report, dated Sep. 8, 2009, for International
Application No. PCT/JP2009/063883.

Itoh et al., “HUBI is an autoantigen frequently eliciting humoral
immune response in patients with adult T cell leukemia,” Int. J.
Oncol., vol. 14, No. 4, Apr. 1999, pp. 703-708 (Abstract only pro-
vided).

Jang et al., “Antihypertensive Angiotensin [-Converting Enzyme
Inhibitory Activity and Antioxidant Activity of Vitis hybrid-Vitis
coignetiac Red Wine Made with Saccharomyces cerevisiae,”
Mycobiology, vol. 39, No. 2, 2011, pp. 137-139.

Kaddar et al., “Two new miR-16 targets: caprin-1 and HMGAL,
proteins implicated in cell proliferation,” Biology of the Cell, vol.
101, No. 9, 2009, pp. 511-524.

Kajiji et al., “Six Monoclonal Antibodies to Human Pancreatic Can-
cer Antigens,” Cancer Research, vol. 47, Mar. 1, 1987, pp. 1367-
1376.

Karauzum et al., “Caprin 1 is Frequently Overexpressed in Human
Lymphomas,” American Society of Human Genetics, Cancer Genet-
ics, Program No. 1190W, Oct. 12, 2011, One page (Abstract only).
Kataja et al., “Primary breast cancer: ESMO Clinical Recommenda-
tions for diagnosis, treatment and follow-up,” Annals of Oncology,
vol. 20, Supplement 4, 2009, pp. iv10-ivl4.

Katsafanas et al., “Colocalization of Transcription and Translation
within Cytoplasmic Poxvirus Factories Coordinates Viral Expression
and Subjugates Host Functions,” Cell Host & Microbe, vol. 2, Oct.
2007, pp. 221-228.

Katsafanas et al., “Vaccinia Virus Intermediate Stage Transcription is
Complemented by Ras-GTPase-activating Protein SH3 Domain-
binding Protein (G3BP) . .. ,” Jour. of Biol. Chem., vol. 279, No. 50,
Dec. 10, 2004, pp. 52210-52217.

Kolobova et al., “Microtubule-dependent association of AKAP350A
and CCAR1 with RNA stress granules,” Experimental Cell Research,
vol. 315, 2009 (Available online Dec. 3, 2008), pp. 542-555.

Lu et al., “Identification of an immunological signature of tumor
rejection in the neu transgenic mouse,” 2007 AACR Annual Meeting,
Apr. 14-18, 2007 (Presentation conducted on Apr. 17, 2007), One
page (Abstract only provided).

Lu et at “Targeting serum antibody for cancer diagnosis: a focus on
colorectal cancer,” Expert Opin. Ther. Targets, vol. 11, No. 2, 2007,
pp. 235-244.

Miiller-Pillasch et al., “Identification of a new tumour-associated
antigen TM4SF5 and its expression in human cancer,” Gene, vol. 208,
1998, pp. 25-30.

Munodzana et al., “Conformational Dependence of Anaplasma
marginale Major Surface Protein 5 Surface-Exposed B-Cell
Epitopes”, Infection and Immunity, vol. 66, No. 6, Jun. 1998, pp.
2619-2624.

NCBI Reference Sequence, caprin-1 [Bos taurus], 2009, Accession
No.NP_ 001069530, XP_ 615677, 1 page.

NCBI Reference Sequence, caprin-1 [Gallus gallus], 2005, Acces-
sion No. NP_ 001026536, XP_ 423820, 1 page.

NCBI Reference Sequence, caprin-1 isoform 1 [Homo sapiens],
1995, Accession No. NP__ 005889, 3 pages.

NCBI Reference Sequence, caprin-1 isoform 2 [Homo sapiens],
1995, Accession No. NP_ 976240, 3 pages.

NCBI Reference Sequence, caprin-1 isoform a [Mus musculus],
1996, Accession No. NP__ 058019, 3 pages.

NCBI Reference Sequence, caprin-1 isoform b [Mus musculus],
1996, Accession No. NP_ 001104760, 3 pages.

NCBI Reference Sequence, caprin-1 isoform ¢ [Mus musculus],
1996, Accession No. NP_ 001104761, 4 pages.

NCBI Reference Sequence, Predicted: caprin-1 [Equus caballus],
2008, Accession No. XP_ 001492799, 1 page.

NCBI Reference Sequence, Predicted: caprin-1 isoform 2 [Canis
lupus familiaris], Dec. 2, 2011, Accession No. XP_ 858109, 1 page.
Nelson et al., “Screening for Breast Cancer: An Update for the U.S.
Preventive Services Task Force,” Ann. Intern. Med., vol. 151, No. 10,
Nov. 17, 2009, pp. 727-737.

Okano et al., “Abstract 519: Identification of a novel target for anti-
body therapy of breast cancer”, Cancer Research, vol. 72, Issue 8,
Supplement 1, Apr. 15, 2012, XP-002700046, 2 pages.

Polyak et al., “Alanine-170 and proline-172 are critical determinants
for extracellular CD20 epitopes; heterogeneity in the fine specificity
of CD20 monoclonal antibodies is defined by additional require-
ments imposed by both amino acid sequence . . ., Blood, vol. 99, No.
9, May 1, 2002, pp. 3256-3262.

R & D Systems, “THC Products & Protocol Guide,” printed Jan. 9,
2014, pp. 1-112.

Sahin et al., “Human neoplasms elicit multiple specific immune
responses in the autologous host,” Proc. Natl. Acad. Sci. USA, vol.
92, Dec. 1995, pp. 11810-11813.

Scanlan et al., “Cancer-related Serological Recognition of Human
Colon Cancer: Identification of Potential Diagnostic and
Immunotherapeutic Targets,” Cancer Research, vol. 62, Jul. 15,2002,
pp. 4041-4047.

Scanlan et al., “Characterization of Human Colon Cancer Antigens
Recognized by Autologous Antibodies,” Int. J. Cancer, vol. 76, 1998,
pp. 652-658.

Solomon et al., “Distinct Structural Features of Caprin-1 Mediate Its
Interaction with G3BP-1 and Its Induction of Phosphorylation of
Eukaryotic Translation Initiation Factor 2a, Entry to Cytoplasmic
Stress . . . ,” Molecular and Cellular Biology, vol. 27, No. 6, Mar.
2007, XP_002690351, pp. 2324-2342.



US 9,175,074 B2
Page 4

(56) References Cited
OTHER PUBLICATIONS

Strome et al., “A Mechanistic Perspective of Monoclonal Antibodies
in Cancer Therapy Beyond Target-Related Effects,” The Oncologist,
vol. 12,2007, pp. 1084-1095.

Tiireci et al., “The SSX-2 Gene, Which Is Involved in the t(X; 18)
Translocation of Synovial Sarcomas, Codes for the Human Tumor
Antigen HOM-MEL-40,” Cancer Research, vol. 56, Oct. 15, 1996,
pp. 4766-4772.

United States Notice of Allowance, dated Dec. 2, 2013, for U.S. Appl.
No. 13/576,955.

United States Office Action, dated Aug. 19, 2013, for U.S. Appl. No.
13/576,955.

United States Office Action, dated Aug. 26, 2013, for U.S. Appl. No.
13/576,950.

United States Office Action, dated Dec. 21, 2012, for U.S. Appl. No.
13/057,515.

United States Office Action, dated Dec. 21, 2012, for U.S. Appl. No.
13/057,709.

United States Office Action, dated Jan. 16, 2014, for U.S. Appl. No.
13/057,515.

United States Office Action, dated Jul. 1, 2013, for U.S. Appl. No.
13/057,515.

United States Office Action, dated Jul. 1, 2013, for U.S. Appl. No.
13/577,212.

United States Office Action, dated Jul. 16, 2013, for U.S. Appl. No.
13/057,709.

United States Office Action, dated Jun. 14, 2013, for U.S. Appl. No.
13/576,969.

United States Office Action, dated Mar. 13, 2013, for U.S. Appl. No.
13/576,955.

United States Office Action, dated Nov. 15, 2013, for U.S. Appl. No.
13/576,953.

United States Office Action, dated Nov. 15, 2013, for U.S. Appl. No.
13/577,028.

United States Office Action, dated Nov. 15, 2013, in U.S. Appl. No.
13/576,950.

United States Office Action, dated Nov. 2, 2012, for U.S. Appl. No.
13/057,709.

United States Office Action, dated Nov. 9, 2012, for U.S. Appl. No.
13/057,515.

United States Office Action, dated Oct. 15, 2013, for U.S. Appl. No.
13/576,969.

United States Office Action, dated Oct. 21, 2013, for U.S. Appl. No.
13/577,212.

United States Office Action, dated Sep. 19, 2013, for U.S. Appl. No.
13/577,028.

United States Office Action, dated Sep. 6, 2013, for U.S. Appl. No.
13/576,953.

Van Der Bruggen et al., “A Gene Encoding an Antigen Recognized by
Cytolytic T Lymphocytes on a Human Melanoma,” Science, vol. 254,
Dec. 13, 1991, pp. 1643-1647 (Also published in J. Immunol., vol.
178, 2007, pp. 2617-2621).

Wang et al., “Absence of Caprin-1 Results in Defects in Cellular
Proliferation”, The Journal of Immunology, 2005, vol. 175, pp.4274-
4282.

Yanai et al., “Dlk-1, a cell surface antigen on foetal hepatic stem/
progenitor cells, is expressed in hepatocellular, colon, pancreas and
breast carcinomas at a high frequency,” The Journal of Biochemistry,
vol. 148, No. 1, 2010 (Publ. online Mar. 30, 2010), pp. 85-92.

De Pascalis et al., “Grafting of “Abbreviated” Complementarity-
Determining Regions Containing Specificity-Determining Residues
Essential for Ligand Contact to Engineer a Less Immunogenic
Humanized Monoclonal Antibody,” J. Immunol. (2002), vol. 169, pp.
3076-3084.

Extended European Search Report issued Mar. 2, 2015, in European
Patent Application No. 12819759.7.

Office Action issued Jan. 28, 2015, in Russian Patent Application No.
2012137502, with partial English translation.

Riechmann et al., “Reshaping human antibodies for therapy,” Nature
(Mar. 24, 1988), vol. 332, pp. 323-327.

Vajdos et al., “Comprehensive Functional Maps of the Antigen-bin-
ing Site of an Anti-ErbB2 Antibody Obtained with Shotgun Scanning
Mutagenesis,” J. Mol. Biol. (2002), vol. 320, pp. 415-428.
Extended European Search Report issued Mar. 18,2015, in European
Patent Application No. 12820225.6.

Extended European Search Report issued Mar. 23, 2015, in European
Patent Application No. 12820596.0.

Non-Final Office Action issued Apr. 14, 2015, in U.S. Appl. No.
14/236,793.

GenBank Accession No. NM__ 005898, Feb. 11, 2008.

Gong et al., “Caprin-1 is a novel microRNA-223 target for regulating
the proliferation and invasion of human breast cancer cells,” Bio-
medicine & Pharmacotheraphy (2013), vol. 67, pp. 629-636.

Qui et al., “Targeting a ribonucleoprotein complex containing the
caprin-1 protein and the c-Myc mRNA suppresses tumor growth in
mice: an identification ofa novel oncotarget,” Oncotarget (2014), vol.
6, No. 4, pp. 2148-2163.

Sabile et al., “Caprin-1, a novel Cyr61-interacting protein, promotes
osteosarcoma tumor growth and lung metastasis in mice,”
Biochimica et Biophysica Acta (2013), vol. 1832, pp. 1173-1182.



US 9,175,074 B2

1
PHARMACEUTICAL COMPOSITION FOR
TREATMENT AND/OR PROPHYLAXIS OF

CANCER

TECHNICAL FIELD

The present invention relates to novel use of an antibody
against CAPRIN-1 or a fragment thereof in a drug such as a
therapeutic and/or preventive agent for cancer.

BACKGROUND ART

Cancer is the leading cause of death. This disease is cur-
rently treated principally by surgical therapy in combination
with radiation therapy and/or chemotherapy. In spite of recent
development of novel surgical techniques or discovery of
novel anticancer agents, the existing treatment of cancer has
an insufficiently improved outcome, except for some cancer
types. With recent advances of molecular biology or cancer
immunology, antibodies that specifically react with cancer,
cancer antigens that are recognized by cytotoxic T cells,
genes encoding such cancer antigens, and the like have been
identified, raising expectations on specific cancer therapy
targeting the cancer antigens (Non Patent Literature 1).

For reducing the side effect of cancer therapy, it is desired
that peptides, polypeptides, or proteins recognized as anti-
gens of the cancer should rarely exist in normal cells and
specifically exist in cancer cells. In 1991, Boon et al. (Ludwig
Institute for Cancer Research, Belgium) isolated a human
melanoma antigen MAGE1 recognized by CD8-positive T
cells by acDNA expression cloning method using autologous
cancer cell lines and cancer-reactive T cells (Non Patent Lit-
erature 2). Then, a SEREX (serological identification of anti-
gens by recombinant expression cloning) method has been
reported, which adopts a gene expression cloning approach to
identify tumor antigens recognized by antibodies produced in
response to autologous cancer in vivo in a cancer patient (Non
Patent Literature 3 and Patent Literature 1). According to this
method, some cancer antigens that are rarely expressed in
normal cells and are specifically expressed in cancer have
been isolated (Non Patent Literatures 4 to 9). In addition, cell
therapy using immunocytes that specifically react with cancer
antigens or cancer-specific immunotherapy using vaccines or
the like comprising cancer antigens is under clinical trial
targeting some of the isolated cancer antigens.

In recent years, various antibody drugs for cancer treat-
ment targeting antigenic proteins on cancer cells have
emerged in the world. These drugs have received attention
because of their certain efficacy as cancer-specific therapeutic
agents. A large majority of antigenic proteins targeted by the
drugs, however, are also expressed in normal cells. As a result
of administering the antibodies, normal cells expressing the
antigens as well as cancer cells are damaged, disadvanta-
geously resulting in side effect. Thus, if cancer antigens spe-
cifically expressed on the surface of cancer cells can be iden-
tified and antibodies targeting the antigens can be used as
drugs, these antibody drugs can be expected to achieve treat-
ment with less side effect.

Cytoplasmic-activation- and proliferation-associated pro-
tein 1 (CAPRIN-1) has been known as an intracellular protein
that is expressed upon activation or cell division of resting
normal cells and forms cytoplasmic stress granules with
intracellular RNAs to participate in the regulation of transport
and translation of mRNAs. This protein has been found to be
specifically expressed on the surface of cancer cells and is

10

25

40

45

60

2

therefore under study as a target of antibody drugs for cancer
treatment (Patent Literature 2).
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SUMMARY OF INVENTION

Technical Problem

An object ofthe present invention is to produce an antibody
which targets CAPRIN-1 specifically expressed on the sur-
face of cancer cells and has better antitumor activity than
conventional antibodies, and provide use of the antibody as a
therapeutic and/or preventive agent for cancer.

Solution to Problem

The present invention has the following aspects:

The present invention provides an antibody or a fragment
thereof which has immunological reactivity with a
CAPRIN-1 protein, the antibody or the fragment thereof
comprising a heavy chain variable region comprising amino
acid sequences represented by SEQ ID NOs: 5, 6, and 7 and
a light chain variable region comprising amino acid
sequences represented by SEQ ID NOs: 9, 10, and 11.

In another embodiment, the antibody is a human antibody,
a humanized antibody, a chimeric antibody, a single-chain
antibody, or a bispecific antibody.

The present invention provides a pharmaceutical compo-
sition for treatment and/or prevention of cancer, comprising
the antibody or a fragment thereof as an active ingredient.

In an embodiment of the present invention, the cancer is
breast cancer, kidney cancer, pancreatic cancer, large bowel
cancer, lung cancer, brain tumor, gastric cancer, uterine cer-
Vix cancer, ovary cancer, prostate cancer, urinary bladder
cancer, esophageal cancer, leukemia, lymphoma, fibrosar-
coma, mastocytoma, or melanoma.
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The present specification encompasses the contents dis-
closed in Japanese Patent Application No. 2011-171377
based on which the priority of the present application is
claimed.

Advantageous Effects of Invention

The antibody against CAPRIN-1 used in the present inven-
tion damages cancer cells. Thus, the antibody against
CAPRIN-1 is useful in the treatment and/or prevention of
cancet.

DESCRIPTION OF EMBODIMENTS

The antibody against a CAPRIN-1 polypeptide used in the
present invention can be examined for its antitumor activity,
as described later, by examining in vivo the inhibition of
tumor proliferation in a cancer-bearing animal or by examin-
ing ex vivo the presence or absence of immunocyte- or
complement-mediated cytotoxic activity exhibited by the
antibody against tumor cells expressing the polypeptide.

The antibody against CAPRIN-1 used in the present inven-
tion is a monoclonal antibody specifically binding to the
CAPRIN-1 protein. Such a monoclonal antibody may be any
type of antibody that can exert antitumor activity and
includes, for example, non-human animal antibodies (e.g.,
mouse, rat, rabbit, and chicken monoclonal antibodies),
recombinant antibodies (e.g., synthetic antibodies, multispe-
cific antibodies, humanized antibodies, chimeric antibodies,
and single-chain antibodies (scFv)), human antibodies, and
their antibody fragments (e.g., Fab, F(ab'),, and Fv). These
antibodies and fragments thereof can be prepared by methods
generally known to those skilled in the art. In the case of a
human test subject, a human antibody or a humanized anti-
body is desirable for avoiding or suppressing rejection.

The antibody is any class of immunoglobulin molecule, for
example, IgG, IgE, IgM, IgA, IgD, or IgY, or any subclass, for
example, IgG1, IgG2, 1gG3, IgG4, IgAl, or IgA2.

The antibody may be further modified by acetylation,
formylation, amidation, phosphorylation, PEGylation, or the
like, in addition to glycosylation.

In this context, the phrase “specifically binding to the
CAPRIN-1 protein” means that the antibody specifically
binds to the CAPRIN-1 protein without substantially binding
to other proteins.

The test subject to receive the treatment and/or prevention
of'cancer according to the present invention is a mammal such
as a human, a pet animal, livestock, or a sport animal, pref-
erably a human.

Hereinafter, antigen preparation, antibody preparation,
and a pharmaceutical composition according to the present
invention will be described.
<Preparation of Antigen for Antibody Preparation>

Proteins or fragments thereof used as sensitizing antigens
for obtaining the antibody against CAPRIN-1 used in the
present invention are not limited by animal types serving as
their origins, including humans, dogs, cattle, horses, mice,
rats, and chickens. The proteins or the fragments thereof,
however, are preferably selected in view of compatibility with
parent cells foruse in cell fusion. In general, mammal-derived
proteins are preferred. Particularly, human-derived proteins
are preferred. For example, when CAPRIN-1 is human
CAPRIN-1, human CAPRIN-1 proteins, partial peptides
thereof, or cells expressing human CAPRIN-1 can be used as
sensitizing antigens.

The nucleotide sequences and amino acid sequences of
human CAPRIN-1 and homologs thereof can be obtained, for
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example, by making an access to GenBank (NCBI, USA) and
using BLAST or FASTA algorithm (Karlin and Altschul,
Proc. Natl. Acad. Sci. USA, 90: 5873-5877, 1993; and Alts-
chul et al., Nucleic Acids Res. 25: 3389-3402, 1997).

In the present invention, with reference to the nucleotide
sequence (SEQ ID NO: 1 or 3) or amino acid sequence (SEQ
ID NO: 2 or 4) of human CAPRIN-1, the targets are nucleic
acids or proteins consisting of sequences having 70% to
100%, preferably 80% to 100%, more preferably 90% to
100%, further preferably 95% to 100%, for example, 97% to
100%, 98% to 100%, 99% to 100%, or 99.5% to 100%
sequence identity to the nucleotide sequence or amino acid
sequence of the ORF or mature portion of the reference. In
this context, the term “% sequence identity”” means a percent-
age (%) of the number of identical amino acids (or bases) to
the total number of amino acids (or bases) when two
sequences are aligned such that the maximum degree of simi-
larity or identity can be achieved with or without introduced
gaps.

The fragments of each CAPRIN-1 protein have lengths
ranging from the amino acid length of an epitope (or an
antigenic determinant), which is the smallest unit recognized
by the antibody, to less than the full-length of the protein. The
epitope refers to a polypeptide fragment having antigenicity
or immunogenicity in mammals, preferably humans. Its
smallest unit consists of approximately 7 to 12 amino acid, for
example, 8 to 11 amino acid.

Polypeptides comprising the above human CAPRIN-1
proteins and partial peptides thereof can be synthesized
according to chemical synthesis methods, for example, Fmoc
(fluorenylmethyloxycarbonyl) and tBoc (t-butyloxycarbo-
nyl) methods (Seikagaku Jikken Koza (Biochemical Experi-
mentation Course in English) 1, the Japanese Biochemical
Society ed., Protein Chemistry IV, Chemical Modification
and Peptide Synthesis, Tokyo Kagaku Dojin Co., Ltd. (Ja-
pan), 1981). Also, these polypeptides can be synthesized by
routine methods using various commercially available pep-
tide synthesizers. Alternatively, polynucleotides encoding the
polypeptides may be prepared using genetic engineering
approaches known in the art (Sambrook et al., Molecular
Cloning, the 2nd edition, Current Protocols in Molecular
Biology (1989), Cold Spring Harbor Laboratory Press;
Ausubel et al., Short Protocols in Molecular Biology, the 3rd
edition, A compendium of Methods from Current Protocols in
Molecular Biology (1995), John Wiley & Sons; etc.) and
incorporated into expression vectors, which are then intro-
duced into host cells so that the host cells produce the
polypeptides. In this way, the polypeptides of interest can be
obtained.

The polynucleotides encoding the polypeptides can be
readily prepared by genetic engineering approaches known in
the art or routine methods using commercially available
nucleic acid synthesizers. For example, a DNA comprising
the nucleotide sequence of human CAPRIN-1 gene can be
prepared by PCR using a human chromosomal DNA or
c¢DNA library as a template and a pair of primers designed so
as to be capable of amplifying the nucleotide sequence
described in SEQ ID NO: 1. Reaction conditions for this PCR
can be appropriately determined. Examples of the conditions
can include, but not limited to, 30 cycles each involving
reaction steps consisting of 94° C. for 30 seconds (denatur-
ation), 55° C. for 30 seconds to 1 minute (annealing), and 72°
C. for 2 minutes (elongation) using thermotolerance DNA
polymerase (e.g., Taq polymerase, Pfu polymerase) and a
Mg>*-containing PCR buffer, followed by reaction at 72° C.
for 7 minutes. The PCR approach, conditions, etc. are
described in, for example, Ausubel et al., Short Protocols in
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Molecular Biology, the 3rd edition, A Compendium of Meth-
ods from Current Protocols in Molecular Biology (1995),
John Wiley & Sons (particularly, Chapter 15).

Also, appropriate probes or primers can be prepared on the
basis of information about the nucleotide sequences of
CAPRIN-1 gene and the amino acid sequences of CAPRIN-1
proteins, and used in the screening of, for example, a human
c¢DNA library, to isolate the desired DNA. Preferably, such a
c¢DNA library is produced from cells, organs, or tissues
expressing CAPRIN-1 proteins. Examples of such cells or
tissues include cells or tissues derived from the testis or from
cancers or tumors such as leukemia, breast cancer, lym-
phoma, brain tumor, lung cancer, pancreatic cancer, and large
bowel cancer. These operations, including the preparation of
probes or primers, the construction of a cDNA library, the
screening of the cDNA library, and the cloning of the gene of
interest, are known to those skilled in the art and can be
performed according to methods described in, for example,
Sambrook et al., Molecular Cloning, the 2nd edition, Current
Protocols in Molecular Biology (1989), and Ausubel et al.
(ibid.). DNAs encoding the human CAPRIN-1 proteins and
the partial peptides thereof can be obtained from the DNA
thus obtained.

The host cells may be any cell capable of expressing the
above polypeptides. Examples of prokaryotic cells include,
but not limited to, E. coli. Examples of eukaryotic cells
include, but not limited to: mammalian cells such as monkey
kidney cells COS 1 and Chinese hamster ovary cells CHO; a
human embryonic kidney cell line HEK293; mouse embry-
onic skin cell line NIH3T3; yeast cells such as budding yeast
and fission yeast cells; silkworm cells; and Xeropus egg cells.

In the case of using prokaryotic cells as the host cells, the
expression vectors used have an origin that permits replica-
tion in the prokaryotic cells, a promoter, a ribosomal binding
site, a multicloning site, a terminator, a drug resistance gene,
an auxotrophic complementary gene, etc. Examples of
expression vectors for £. coli can include pUC series, pBlue-
script I, pET expression systems, and pGEX expression sys-
tems. The DNAs encoding the above polypeptides can be
incorporated into such expression vectors, with which
prokaryotic host cells are then transformed, followed by cul-
ture of the obtained transformants so that the polypeptides
encoded by the DNAs are expressed in the prokaryotic host
cells. In this respect, the polypeptides may be expressed as
fusion proteins with other proteins.

In the case of using eukaryotic cells as the host cells,
expression vectors for eukaryotic cells having a promoter, a
splicing region, a poly(A) addition site, etc. are used as the
expression vectors. Examples of such expression vectors can
include pKA1, pCDMS, pSVK3, pMSG, pSVL, pBK-CMV,
pBK-RSV, EBV, pRS, pcDNA3, and pYES2 vectors. In the
same way as above, the DNAs encoding the above polypep-
tides can be incorporated into such expression vectors, with
which eukaryotic host cells are then transformed, followed by
culture of the obtained transformants so that the polypeptides
encoded by the DNAs are expressed in the eukaryotic host
cells. In the case of using expression vectors such as pIND/
V35-His, pFLAG-CMV-2, pEGFP-N1, or pEGFP-C1, the
polypeptides may be expressed as various fusion proteins
tagged with His tag (e.g., (His)-(His) ), FLAG tag, myc tag,
HA tag, GFP, or the like.

The expression vectors can be introduced into the host cells
using well known methods such as electroporation, a calcium
phosphate method, a liposome method, a DEAE dextran
method, microinjection, viral infection, lipofection, and
binding with cell-penetrating peptides.
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The polypeptide of interest can be isolated and purified
from the host cells by a combination of separation operations
known in the art. Examples thereof include, but not limited to,
treatment with a denaturant (e.g., urea) or a detergent, ultra-
sonication, enzymatic digestion, salting-out, solvent fraction-
ation and precipitation, dialysis, centrifugation, ultrafiltra-
tion, gel filtration, SDS-PAGE, isoelectric focusing
electrophoresis, ion-exchange chromatography, hydrophobic
chromatography, affinity chromatography, and reverse-phase
chromatography.
<Structure of Antibody>

Antibodies are usually heteromultimeric glycoproteins
comprising at least two heavy chains and two light chains.
The immunoglobulins other than IgM are heterotetrameric
glycoproteins of approximately 150 kDa each composed of
two identical light (L) chains and two identical heavy (H)
chains. Typically, each light chain is connected to a heavy
chain via a single covalent disulfide bond, though the number
of disulfide bonds between heavy chains varies among difter-
ent immunoglobulin isotypes. Each of the heavy and light
chains also has an intrachain disulfide bond. Each heavy
chain has a variable domain (VH region) at one end, followed
by a series of constant regions. Each light chain has a variable
domain (VL region) at one end and has a single constant
region at the other end. The light chain constant region is
aligned with the first heavy chain constant region, while the
light chain variable domain is aligned with the heavy chain
variable domain. Particular regions called complementarity
determining regions (CDRs) in the antibody variable
domains exhibit specific variability and impart binding speci-
ficity to the antibody. Portions relatively conserved in the
variable regions are called framework regions (FRs). The
complete heavy and light chain variable domains each com-
prise four FRs connected via three CDRs. These three CDRs
are called CDRH1, CDRH2, and CDRH3 in this order from
the N-terminus of the heavy chain. Likewise, the CDRs are
called CDRL1, CDRL2, and CDRL3 in the light chain.
CDRH3 is most important for the binding specificity of the
antibody for its antigen. In addition, CDRs in each chain are
kept close to each other by the FR regions and contribute to
the formation of an antigen-binding site in the antibody,
together with CDRs in the other chain. The constant regions
do not directly contribute to antibody-antigen binding, but
exhibit various effector functions, for example, involvement
in antibody-dependent cellular cytotoxicity (ADCC), phago-
cytosis mediated by binding to an Fcy receptor, half-life/
clearance rate mediated by a neonatal Fc receptor (FcRn), and
complement-dependent cytotoxicity (CDC) mediated by a
Clq component in the complement cascade.
<Preparation of Antibody>

The anti-CAPRIN-1 antibody according to the present
invention means an antibody having immunological reactiv-
ity with a full-length CAPRIN-1 protein or a fragment
thereof.

In this context, the “immunological reactivity” means the
property of the antibody binding to the CAPRIN-1 antigen in
vivo. Via such binding, the antibody exerts the function of
damaging (e.g., killing, suppressing, or regressing) tumor.
Specifically, the antibody used in the present invention is not
limited by its type as long as the antibody can damage tumors
such as breast cancer, kidney cancer, pancreatic cancer, large
bowel cancer, lung cancer, brain tumor, gastric cancer, uterine
cervix cancer, ovary cancer, prostate cancer, urinary bladder
cancer, esophageal cancer, leukemia, lymphoma, fibrosar-
coma, mastocytoma, or melanoma as a result of binding to the
CAPRIN-1 protein.



US 9,175,074 B2

7

Hereinafter, preparation examples of various monoclonal
antibodies will be shown.

For example, breast cancer cell lines SK-BR-3 expressing
CAPRIN-1 is administered to each mouse for immunization.
The spleen is extracted from this mouse. After separation of
spleen cells, the cells are fused with mouse myeloma cells.
Clones producing antibodies having antiproliferative effect a
cancer cell are selected from among the obtained fusion cells
(hybridomas). The hybridomas producing monoclonal anti-
bodies having antiproliferative effect of a cancer cell are
isolated and cultured. The antibody of interest can be pre-
pared by purification from the culture supernatant according
to a general affinity purification method.

The monoclonal antibody-producing hybridomas may be
prepared, for example, as follows: first, animals are immu-
nized with sensitizing antigens according to a method known
in the art. This immunization method generally involves
intraperitoneally or subcutaneously injecting the sensitizing
antigens to mammals. Specifically, the sensitizing antigens
are diluted with or suspended in PBS (phosphate-buffered
saline), physiological saline, or the like into an appropriate
amount and then mixed, if desired, with an appropriate
amount of a conventional adjuvant, for example, a complete
Freund’s adjuvant. After emulsification, the resulting emul-
sion is administered to each mammal several times every 4 to
21 days. Alternatively, an appropriate carrier may be used for
the immunization with sensitizing antigens.

After confirmation of a rise in the level of the desired
antibody in the serum ofthe mammal thus immunized, immu-
nocytes are collected from the mammal and subjected to cell
fusion. Preferred examples of the immunocytes particularly
include spleen cells.

Mammalian myeloma cells are used as partner parent cells
to be fused with the immunocytes. Various cell lines known in
the art, for example, P3U1 (P3-X63Ag8U1), P3
(P3x63Ag8.653) (J. Immunol. (1979) 123, 1548-1550),
P3x63Ag8U.1 (Current Topics in Microbiology and Immu-
nology (1978) 81, 1-7), NS-1 (Kohler. G. and Milstein, C.
Eur. J. Immunol. (1976) 6, 511-519), MPC-11 (Margulies. D.
H. et al., Cell (1976) 8, 405-415), SP2/0 (Shulman, M. et al.,
Nature (1978) 276, 269-270), FO (deSt. Groth, S. F. et al., I.
Immunol. Methods (1980) 35, 1-21), S194 (Trowbridge, I. S.
J. Exp. Med. (1978) 148, 313-323), and R210 (Galfre, G. et
al., Nature (1979) 277, 131-133), are preferably used as the
myeloma cells.

The cell fusion between the immunocytes and the
myeloma cells can be performed basically according to a
method known in the art, for example, the method of Kohler
and Milstein (Kohler, G. and Milstein, C. Methods Enzymol.
(1981) 73, 3-46).

More specifically, the cell fusion is carried out, for
example, in the presence of a cell fusion promoter in a con-
ventional nutrient medium. For example, polyethylene glycol
(PEG) or hemagglutinating virus of Japan (HVIJ) is used as
the fusion promoter. If desired, an auxiliary such as dimethyl
sulfoxide may be further added in order to enhance fusion
efficiency.

The ratio between the immunocytes and the myeloma cells
used can be arbitrarily set. For example, the amount of the
immunocytes is preferably set to 1to 10times the amount of
the myeloma cells. Examples of the medium that can be used
in the cell fusion include RPM11640and MEM media suit-
able for the growth of the myeloma cell lines as well as
conventional media for use in this type of cell culture. In
addition, a serum supplement such as fetal calf serum (FCS)
may be used in combination with these media.
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For the cell fusion, the immunocytes and the myeloma cells
are well mixed in a predetermined amount of the medium. A
PEG solution (average molecular weight: for example,
approximately 1000 to 6000) preheated to approximately 37°
C. is usually added to the mixture at a concentration of 30 to
60% (w/v) and mixed therewith to form the hybridomas of
interest. Subsequently, procedures of sequentially adding an
appropriate medium and removing the supernatant by cen-
trifugation are repeated to remove cell fusion agents or the
like unfavorable for the growth of the hybridomas.

The hybridomas thus obtained are cultured in a conven-
tional selective medium, for example, a HAT medium (me-
dium containing hypoxanthine, aminopterin, and thymidine)
for selection. Culture in the HAT medium is continued for a
period (usually, several days to several weeks) sufficient for
the death of cells other than the hybridomas of interest (non-
fused cells). Subsequently, hybridomas producing the anti-
body of interest are screened for and cloned as single clones
by a conventional limiting dilution method.

In addition to such obtainment of the hybridomas by the
immunization of non-human animals with antigens, hybrido-
mas producing human antibodies having the desired activity
(e.g., cell antiproliferative activity) may be obtained by sen-
sitizing human lymphocytes, for example, EB virus-infected
human lymphocytes, with proteins, protein-expressing cells,
or lysates thereof in vitro and fusing the sensitized lympho-
cytes with human-derived myeloma cells capable of dividing
permanently, for example, U266 (Accession No. TIB 196).

The monoclonal antibody-producing hybridomas thus pre-
pared can be subcultured in a conventional medium and can
also be stored for a long period in liquid nitrogen.

Specifically, the desired antigens or cells expressing the
desired antigens are used as sensitizing antigens in immuni-
zation according to a conventional immunization method.
The obtained immunocytes are fused with parent cells known
in the art according to a conventional cell fusion method.
Monoclonal antibody-producing cells (hybridomas) can be
screened for by a conventional screening method to prepare
the antibody of interest.

In this context, for example, KM mice (Kirin Pharma Co.,
Ltd./Medarex) and Xeno mice (Amgen Inc.) are known as the
human antibody-producing mice (e.g., International Publica-
tion Nos. W002/43478 and W002/092812). Complete
human polyclonal antibodies can be obtained from the blood
of such mice immunized with CAPRIN-1 proteins or frag-
ments thereof. Alternatively, spleen cells may be isolated
from the mice thus immunized and fused with myeloma cells.
In this way, human monoclonal antibodies can be obtained.

The antigens can be prepared according to, for example, a
method using animal cells (JP Patent Publication (Kohyo)
No. 2007-530068) or a method using baculovirus (e.g., Inter-
national Publication No. WO98/46777). Antigens having low
immunogenicity can be bound to immunogenic macromol-
ecules such as albumin for immunization.

Alternatively, recombinant antibodies may be used, which
are produced using a gene recombination technique which
involves: cloning the antibody genes from hybridomas; incor-
porating the antibody genes into appropriate vectors; and
introducing the vectors into hosts (see, e.g., Carl, A. K. Bor-
rebaeck, James, W. Larrick, THERAPEUTIC MONO-
CLONAL ANTIBODIES, Published in the United Kingdom
by MACMILLAN PUBLISHERS LTD, 1990). Specifically,
c¢DNAs of the antibody variable region (V region) are synthe-
sized from the mRNAs of hybridomas using reverse tran-
scriptase. After obtainment of DNAs encoding the antibody V
regions of interest, the DNAs are ligated with DNAs encoding
the desired antibody constant regions (C regions). The result-
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ing ligation products are then incorporated into expression
vectors. Alternatively, the antibody V region-encoding DNAs
may be incorporated into expression vectors containing anti-
body C region DNAs. These DNAs are incorporated into the
expression vectors so as to be expressed under the control of
expression control regions, for example, an enhancer and a
promoter. Next, host cells can be transformed with the result-
ing expression vectors and allowed to express antibodies.

As described above, the anti-CAPRIN-1 antibody of the
present invention is any of various monoclonal antibodies
including non-human animal monoclonal antibodies, human
monoclonal antibodies, and recombinant antibodies.

These non-human animal monoclonal antibodies or human
monoclonal antibodies may be prepared by the culture of
hybridomas obtained by the fusion between spleen cells from
non-human animals (e.g., mice, human antibody-producing
mice, chicken, or rabbits) immunized with CAPRIN-1 pro-
teins and myeloma cells.

The recombinant antibody includes, as described above,
chimeric antibodies, humanized antibodies, single-chain
antibodies, multispecific antibodies, and the like.

The chimeric antibody can be prepared by: ligating DNAs
encoding light or heavy chain variable regions of an antibody
derived from a non-human animal (e.g., mouse, rat, rabbit, or
chicken) with DNAs encoding light or heavy chain constant
regions derived from a human antibody; incorporating the
resulting fusion genes into expression vectors; and introduc-
ing the vectors into hosts so that antibodies are produced.

Specifically, the chimeric antibody is, for example, an anti-
body composed of variable regions of mouse antibody heavy
and light chains and heavy and light chain constant region of
human antibodies. The chimeric antibody can be prepared
using a method known in the art which involves, for example:
ligating DNAs encoding mouse antibody V regions with
DNAs encoding human antibody C regions; incorporating the
resulting ligation products into expression vectors; and intro-
ducing the vectors into hosts so that antibodies are produced.
In Examples described later, human-mouse chimeric antibod-
ies were prepared and confirmed to have an antitumor effect.
These monoclonal antibodies comprise a heavy chain vari-
able (VH) region having the amino acid sequence of SEQ ID
NO: 8 and a light chain variable (VL) region having the amino
acid sequence of SEQ ID NO: 12, wherein the VH region
comprises CDR1 represented by the amino acid sequence of
SEQ ID NO: 5, CDR2 represented by the amino acid
sequence of SEQ ID NO: 6, and CDR3 represented by the
amino acid sequence of SEQ ID NO: 7, and the VL region
comprises CDR1 represented by the amino acid sequence of
SEQ ID NO: 9, CDR2 represented by the amino acid
sequence of SEQ ID NO: 10, and CDR3 represented by the
amino acid sequence of SEQ ID NO: 11.

The humanized antibody, also called reshaped human anti-
body, is an engineered antibody. The humanized antibody is
constructed by grafting CDRs of human antibody with CDRs
corresponding to antibody derived from an immunized ani-
mal. Specifically, DNAs in which the CDR coding sequences
in DNAs encoding a human antibody-derived light or heavy
chain variable region are substituted by corresponding CDR
coding sequences of a non-human animal (e.g., mouse, rat,
rabbit, or chicken)-derived antibody are prepared and ligated
with the DNAs encoding human antibody-derived light or
heavy chain constant regions. The resulting fusion genes can
be incorporated into expression vectors, which are then intro-
duced into hosts for antibody production to prepare the
humanized antibody of interest.

Specifically, for example, DNA sequences designed so as
to link mouse and chicken antibodies CDRs and human anti-
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body framework regions (FRs) are synthesized by PCR using
several prepared oligonucleotides having terminal portions
overlapping with each other. The obtained DNAs are ligated
with DNAs encoding human antibody constant regions. Sub-
sequently, the resulting ligation products are incorporated
into expression vectors, which are then introduced into hosts
for antibody production to obtain the antibody of interest (see
European Patent Application Publication No. EP239400 and
International Publication No. W096/02576). The human
antibody FRs connected via CDRs are selected such that the
CDRs form a favorable antigen-binding site. If necessary,
amino acids in the framework regions of antibody variable
regions may be substituted so that the CDRs of the resulting
reshaped human antibody form an appropriate antigen-bind-
ing site (Sato K. et al., Cancer Research 1993, 53: 851-856).
In addition, these framework regions may be replaced with
framework regions derived from various human antibodies
(see International Publication No. W(099/51743).

The human antibody framework regions connected via
CDRs are selected such that the CDRs form a favorable
antigen-binding site. If necessary, amino acids in the frame-
work regions of antibody variable regions may be substituted
such that the CDRs of the resulting reshaped human antibody
form an appropriate antigen-binding site (Sato K. et al., Can-
cer Research 1993, 53: 851-856).

The single-chain antibody refers to an antibody or the
fragment thereof comprising variable regions of heavy and
light chains linearly linked to each other via a linker. A DNA
encoding the single-chain antibody can be prepared by ligat-
ing a DNA encoding the heavy chain variable region, a DNA
encoding the linker, and a DNA encoding the light chain
variable region. In this context, the variable regions of heavy
and light chains are both derived from a human antibody or
derived from a human antibody having CDRs alone substi-
tuted by CDRs of a non-human animal (e.g., mouse, rat,
rabbit, or chicken)-derived antibody. The linker consists of 12
to 19 amino acids. Examples thereof include (G,S), consist-
ing of 15 amino acids (G. B. Kim et al., Protein Engineering
Design and Selection 2007, 20 (9): 425-432).

The multispecific antibody refers to an antibody capable of
specifically binding a plurality of different epitopes. For
example, the bispecific antibody (diabody) is capable of spe-
cifically binding to two different epitopes. A DNA encoding
the bispecific antibody can be prepared by ligating, for
example, a DNA encoding a heavy chain variable region A, a
DNA encoding a light chain variable region B, a DNA encod-
ing a heavy chain variable region B, and a DNA encoding a
light chain variable region A in this order (provided that the
DNA encoding a light chain variable region B and the DNA
encoding a heavy chain variable region B are ligated via a
DNA encoding a linker as described above). In this context,
the variable regions of heavy and light chains are all derived
from a human antibody or derived from a human antibody
having CDRs alone substituted by CDRs of a non-human
animal (e.g., mouse, rat, rabbit, or chicken)-derived antibody.

Amino acids in variable regions (e.g., FRs) or constant
regions of the chimeric antibody or the humanized antibody
thus prepared may be substituted by other amino acids.

The amino acid substitution is the substitution of, for
example, less than 15, less than 10, 8 or less, 7 or less, 6 or
less, 5 or less, 4 or less, 3 or less, or 2 or less amino acids,
preferably 1 to 5 amino acids, more preferably 1 or 2 amino
acids. The substituted antibody should be functionally
equivalent to an unsubstituted antibody. The substitution is
desirably conservative amino acid substitution, which is the
substitution between amino acids similar in properties such as
charge, side chains, polarity, and aromaticity. The amino
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acids can be classified in terms of similar properties into, for
example: basic amino acids (arginine, lysine, and histidine);
acidic amino acids (aspartic acid and glutamic acid);
uncharged polar amino acids (glycine, asparagine, glutamine,
serine, threonine, cysteine, and tyrosine); nonpolar amino
acids (leucine, isoleucine, alanine, valine, proline, phenyla-
lanine, tryptophan, and methionine); branched amino acids
(leucine, valine, and isoleucine); and aromatic amino acids
(phenylalanine, tyrosine, tryptophan, and histidine).

Examples of modified antibodies can include antibodies
bound with various molecules such as polyethylene glycol
(PEG). In the modified antibody of the present invention, the
substance to be bound is not limited. In order to obtain such a
modified antibody, the obtained antibody can be chemically
modified. A method therefor has already been established in
the art.

In this context, the phrase “functionally equivalent” means
that an antibody concerned has biological or biochemical
activity similar to that of the antibody of the present invention,
specifically, the antibody concerned has the function of dam-
aging tumor and essentially causes no rejection when applied
to humans, for example. Examples of such activity can
include antiproliferative activity and binding activity.

A method for preparing a polypeptide functionally equiva-
lent to a certain polypeptide, which involves introducing a
mutation into a polypeptide, is well known to those skilled in
the art. For example, those skilled in the art can appropriately
introduce a mutation into the antibody of the present inven-
tion using site-directed mutagenesis (Hashimoto-Gotoh, T. et
al., (1995) Gene 152: 271-275; Zoller, M J., and Smith, M.
(1983) Methods Enzymol., 100: 468-500; Kramer, W. et al.,
(1984) Nucleic Acids Res., 12: 9441-9456; Kramer, W. and
Fritz, HJ., (1987) Methods Enzymol., 154: 350-367; Kunkel,
T A., (1985) Proc. Natl. Acad. Sci. USA., 82: 488-492; and
Kunkel (1988) Methods Enzymol., 85: 2763-2766) or the
like, thereby prepare an antibody functionally equivalent to
the antibody of the present invention.

An antibody that recognizes an epitope of a CAPRIN-1
protein recognized by each anti-CAPRIN-1 antibody
described above can be obtained by a method generally
known to those skilled in the art. For example, the antibody
can be obtained by a method which involves determining the
epitope of the CAPRIN-1 protein recognized by the anti-
CAPRIN-1 antibody by a conventional method (e.g., epitope
mapping) and preparing an antibody using a polypeptide
having an amino acid sequence contained in the epitope as an
immunogen, or a method which involves determining an
epitope for an antibody prepared by a conventional method
and selecting an antibody that recognizes the same epitope as
that for the anti-CAPRIN-1 antibody.

The antibody of the present invention has an affinity con-
stant Ka (k,, /k, ;) of preferably at least 10" M, at least 10°®
M, atleast 5x10* M, at least 10° M™', at least 5x10° M,
at least 10'° M™!, at least 5x10'° M~%, at least 10'! M™!, at
least 5x10"'M™', at least 10'*> M™!, or at least 10*> M.

The antibody of the present invention can be conjugated
with an antitumor agent. The conjugation of the antibody with
the antitumor agent can be performed via a spacer having a
group (e.g., a succinimidyl group, a formyl group, a 2-py-
ridyldithio group, a maleimidyl group, an alkoxycarbonyl
group, or a hydroxy group) reactive with an amino group, a
carboxyl group, a hydroxy group, a thiol group, or the like.

Examples of the antitumor agent include the following
antitumor agents publicly known in literatures, etc.: pacli-
taxel, doxorubicin, daunorubicin, cyclophosphamide, meth-
otrexate, S-fluorouracil, thiotepa, busulfan, improsulfan,
piposulfan, benzodopa, carboquone, meturedopa, uredopa,
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altretamine, triethylenemelamine, triethylenephosphora-
mide, triethylenethiophosphoramide, trimethylolomelamine,
bullatacin, bullatacinone, camptothecin, bryostatin, callysta-
tin, cryptophycin 1, cryptophycin 8, dolastatin, duocarmycin,
eleutherobin, pancratistatin, sarcodictyin, spongistatin,
chlorambucil, chlornaphazine, cholophosphamide, estra-
mustine, ifosfamide, mechlorethamine, mechlorethamine
oxide hydrochloride, melphalan, novembichin, phenesterine,
prednimustine, trofosfamide, uracil mustard, carmustine,
chlorozotocin, fotemustine, lomustine, nimustine, ranimus-
tine, calicheamicin, dynemicin, clodronate, esperamicin,
aclacinomycin, actinomycin, authramycin, azaserine, bleo-
mycin, cactinomycin, carabicin, carminomycin, carzinophi-
lin, chromomycin, dactinomycin, detorbicin, 6-diazo-5-oxo-
L-norleucine, = Adriamycin, epirubicin,  esorubicin,
idarubicin, marcellomycin, mitomycin C, mycophenolic
acid, nogalamycin, olivomycin, peplomycin, potfiromycin,
puromycin, quelamycin, rodorubicin, streptonigrin, strepto-
zocin, tubercidin, ubenimex, zinostatin, zorubicin, denop-
terin, pteropterin, trimetrexate, fludarabine, 6-mercaptopu-
rine, thiamiprine, thioguanine, ancitabine, azacitidine,
6-azauridine, carmofur, cytarabine, dideoxyuridine, doxiflu-
ridine, enocitabine, floxuridine, androgens (e.g., calusterone,
dromostanolone propionate, epitiostanol, mepitiostane, and
testolactone), aminoglutethimide, mitotane, trilostane, frol-
inic acid, aceglatone, aldophosphamide glycoside, aminole-
vulinic acid, eniluracil, amsacrine, bestrabucil, bisantrene,
edatraxate, defofamine, demecolcine, diaziquone, elforni-
thine, elliptinium acetate, epothilone, etoglucid, lentinan,
lonidamine, maytansine, ansamitocin, mitoguazone, mitox-
antrone, mopidanmol, nitraerine, pentostatin, phenamet,
pirarubicin, losoxantrone, podophyllinic acid, 2-ethylhy-
drazide, procarbazine, razoxane, rhizoxin, schizophyllan,
spirogermanium, tenuazonic acid, triaziquone, roridin A,
anguidine, urethane, vindesine, dacarbazine, mannomustine,
mitobronitol, mitolactol, pipobroman, gacytosine, docetaxel,
chlorambucil, gemcitabine, 6-thioguanine, mercaptopurine,
cisplatin, oxaliplatin, carboplatin, vinblastine, etoposide,
ifosfamide,  mitoxantrone,  vincristine,  vinorelbine,
novantrone, teniposide, edatrexate, daunomycin, aminop-
terin, Xeloda, ibandronate, irinotecan, topoisomerase inhibi-
tors, difluoromethylornithine (DMFO), retinoic acid, capecit-
abine, and pharmaceutically acceptable salts and derivatives
thereof.

Alternatively, the antibody of the present invention can be
administered in combination with an antitumor agent to pro-
duce ahigher therapeutic effect. This approach is adaptable to
a patient with cancer expressing CAPRIN-1 either before or
after surgical operation. This approach can be applied, par-
ticularly after surgery, to CAPRIN-1-expressing cancer,
which has been treated conventionally with an antitumor
agent alone, to produce higher prevention of cancer recur-
rence or prolongation of survival time.

Examples of the antitumor agent used in the combined
administration with the antibody of the present invention
include the following antitumor agents publicly known in
literatures, etc.: paclitaxel, doxorubicin, daunorubicin, cyclo-
phosphamide, methotrexate, 5-fluorouracil, thiotepa, busul-
fan, improsulfan, piposulfan, benzodopa, carboquone,
meturedopa, uredopa, altretamine, triethylenemelamine, tri-
ethylenephosphoramide, triethylenethiophosphoramide, tri-
methylolomelamine, bullatacin, bullatacinone, camptoth-
ecin, bryostatin, callystatin, c